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Abstract 

The excitation of surface plasmons in magnetic nano-structures can strongly influence their 
magneto-optical properties. Here, we use photoemission electron microscopy to map the spa¬ 
tial distribution of the electric near-field on a nano-pattemed magnetic surface that supports 
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plasmon polaritons. By using different photon energies and polarization states of the incident 
light we reveal that the electric near-held is either concentrated in spots forming a hexago¬ 
nal lattice with the same symmetry as the Ni nano-pattem or in stripes oriented along the 
F-K direction of the lattice and perpendicular to the polarization direction. We show that the 
polarization-dependent near-held enhancement on the patterned surface is directly correlated 
to both the excitation of surface plasmon polaritons on the patterned surface as well as the 
enhancement of the polar magneto-optical Kerr effect. 


Introduction 

The held of magneto-plasmonies is growing rapidly nowadays with the main aim to explore the 
eombination of magnetie and plasmonic functionalities in patterned nano-structures.^The presence 
of magnetic materials in plasmonic structures offers the possibility to inhuence plasmonic reso¬ 
nances with the magnetization and an external magnetic held. The idea of controlling plasmonic 
resonances with magnetism has already been proposed for applications in the held of bio-sensing .1^ 
Furthermore, the magnetic held can be used to modify the dispersion relation of surface plasmon 
polaritons (SPPs) as it has recently been shown in an interferometer-like structure composed of 
trilayers of Au/Co/Au^^ with possible applications in the area of telecommunications. 

On the other hand, the presence of surface plasmon polaritons in magnetic materials can also 
strongly modify the magneto-optical response. In particular, the excitation of surface plasmon 
polaritons has been found to enhance the polar magneto-optical Kerr effect (P-MOKE) signal in 
Ni,®® Fe,l^ and Co®^ anti-dot hlms. Moreover, signihcant enhancement has been demonstrated 
in hybrid structures composed of noble and magnetic metals/dielectrics such as Au/Co and Au/Iron 
garnets^^^^®^ and multilayers like Co/Pt.^^ SPPs have also been shown to inhuence the transverse 
magneto-optic response (T-MOKE).®i^^ 

Recently it has been reported that Ni nano-islands act as a magneto-plasmonic material, being 
able to sustain localized surface plasmons (LSPs).^It was shown that the polarizability of LSPs 
can invert the sign of the magneto-optical Kerr rotation. Furthermore, Rubio-Roy et al.^i^ studied 
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SPPs and LSPs in a An nano-hole array filled with iron oxide nanopartieles and Ni nanopartieles. 
They measured an enhaneed magneto-optieal aetivity up to an order of magnitude for wavelengths 
that are eorrelated to the exeitation of loealized surfaee plasmons. They attributed the observed 
magneto-optieal response to the inerease of the polarization eonversion effieieney, and they found 
the eontribution of refleetanee modulations to be negligible. Maeaferri et al.l^ showed that a lo¬ 
ealized surfaee resonanee exeitation transverse to the eleetrie field of the ineident light induees the 
observed shape of the magneto-optie speetrum. Furthermore, Kataja et. al.^^extended the previous 
studies on isolated and randomly arranged magnetie partieles to periodieally arranged magnetie Ni 
nanopartieles in a two-dimensional reetangular lattiee. They have shown that the nanopartiele ar¬ 
rays exhibit strong magneto-optieal response in the presenee of LSPs that is determined by the 
lattiee period parallel to the eleetrie driving field opposite to the purely optieal response whieh is 
dominated by the period orthogonal to the driving field. The magneto-plasmonie struetures have in 
addition initiated studies in the nonlinear optieal regime. Exeitation of SPPs at an interfaee of a Co 
anti-dot film was shown to not only enhanee the seeond-harmonie generation (SHG) effieieney, but 
also to aetivate a quadrupole nonlinear-optieal meehanisml^^ while the eontrol of magnetie eontrast 
in single erystalline Fe films was aehieved with nonlinear magneto-plasmonies.^ 

In spite of these numerous studies on the plasmonie behavior of magneto-plasmonie lattiees and 
the enhaneed magneto-optieal signal, the meehanism of eoupling between plasmonie and magneto- 
optieal properties is not fully elarified yet. Here, we taekle this open issue by eombining photoe¬ 
mission eleetron mieroseopy (PEEM) with magneto-optieal speetroseopy. Using PEEM, we ean 
visualize the distribution of the eleetrie near-field on the patterned surfaee with a spatial resolution 
below the optieal diffraetion limit. We find remarkably different polarization dependent PEEM im¬ 
ages that are reeorded at photon energies where SPPs are expeeted. Comparing the PEEM images 
to the magneto-optieal speetra we unveil a direet eorrelation between the near-field distribution of 
the SPPs and the enhaneement of the magneto-optieal response. 
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Results and discussion 


Reflectivity and plasmonic resonances 

In the plasmonic research field, the symmetry of the unit cell of a patterned structure plays a 
central role since it defines the position of the plasmonic resonances. In the case of metallic anti¬ 
dot arrays, which are studied here, their capability to sustain SPPs that are responsible for the 
enhanced optical transmission is mainly defined by the geometry of the unit SPPs have 

higher in-plane momentum than the incident light. However, it is possible to excite SPPs by 
photons of a specific energy using a grating structure (such as an anti-dot lattice), that provides the 
needed additional momentum to compensate for the momentum mismatch. 

In our study, we investigate a Ni anti-dot film of 100 nm thickness that was grown on a Si sub¬ 
strate on top of a Ti seed layer of 2 nm thickness. Self-assembly nano-sphere lithography with 
polystyrene spheres leads to a hexagonal hole patternl^ with holes of d = 215 nm diameter and a 
center to center distance of a = 470 nm, see Fig. The Ni film is covered by a 2 nm thick protec¬ 
tive Au layer. The schematic representation of the hexagonal antidot pattern of Fig. [^defines all 
directions and angles used in this work. 9 is the angle of incidence, the arrow F-K is the nearest 
and the arrow F-M the next-nearest neighbor hole direction noted on the schematic for the real 
space, (j) is the angle between the polarization plane and the nearest neighbor (F-K) direction (in 
all of our experiments we kept ^ =0), and s- and p-polarized light correspond to polarization states 
perpendicular and parallel to the plane of incidence respectively. Due to ^ = 0 and the very small 
6, s-polarization is equivalent to the alignment of polarization vector along the F-M direction, and 
p-polarization is equivalent to alignment along the F-K direction. 

Reflectivity spectra were recorded with different polarization states of light for the Ni anti-dot sam¬ 
ple and compared to a reference continuous film of exactly the same composition and thickness. 
The reflectivity measurements were recorded at angle of incidence 6 = 6.5° and without appli¬ 
cation of a magnetic field. While keeping 0=0°, the polarization direction was initially aligned 
horizontally along the F-K direction (Fig.[^. The light polarization was then rotated 90°, which is 
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aligned along the F-M direction. 



Figure 1: Schematic of the used geometry and the definition of the angles. 6 is the angle of inci¬ 
dence, ^ the angle between the polarization plane and the nearest neighbor hole (F-K), F-K is the 
nearest and F-M next-nearest neighbor direction noted in the real space. All of our measurements 
were performed by keeping 0=0. S- and p-polarized light correspond to polarization directions 
perpendicular and parallel to the plane of incidence respectively. Having 0=0 and small 6, 
s-polarization is equivalent to the alignment of polarization vector along the F-M direction and 
p-polarized light corresponds to polarization direction along the F-K direction. 


Figure]^ (top graph) reveals relative reflectivity curves for incident light polarized along the F-K 
and F-M direction for the patterned sample. The reflectivity is normalized relative to the reflectivity 
of the continuous reference film. Drops in the reflectivity of the patterned sample are observed for 
light polarized along both the F-K and F-M direction at specific energies. The minima of reflectiv¬ 
ity are correlated to surface plasmon polariton excitations at the metal/arr interface. The condition 
for resonant excitation of SPPs is given by the momentum matching between SPP, incident light 
and lattice geometry: 


^ SPP = (1) 

where ~^spp is the surface plasmon polariton wave vector, k;^ = kosin0 is the component of the 
incident wave vector that lies in the plane of the sample, and are the basis vectors of the 
reciprocal hexagonal lattice and i, j are integers. Such coupling gives rise to so-called Bragg surface 
plasmons.l^^^ Figure (lower graphs) shows numerical simulations of the reflectivity obtained 
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Figure 2: (Upper panel) Experimental reflectivity curves as a function of energy for the anti-dot Ni 
based film. Measurements were performed with incident light polarized along the nearest neighbor 
(F-K) and next-nearest neighbor (F-M) direction. The data have been normalized to the reflectivity 
of a reference continuous film of the same composition. (Lower panels) Calculated reflectivity at 
the Ni-air interface as a function of photon energy and angle of incidence for polarization along 
F-K and F-M. The plane of incidence is set at ^ = 0 parallel to the F-K direction of the hexagonal 
lattice. Horizontal lines indicate the experimental angle of incidence 0 and the perpendicular lines 
the energy position of the resonances. 
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for light polarized along the F-K and F-M direetion for a Ni anti-dot film ealeulated by using 
the seattering matrix approaeh adapted to deal with arbitrary orientations of magnetization.!^ SPP 
resonanees eorrespond to regions with low refleetivity (dark eolor) and appear at energies elose 
to the onset of diffraetion (bright eolor). The drawn lines indieate the interseetion of measured 
refleetivity minima (lines parallel to 0-axis) with the ealeulated refleetivity for the given angle of 
ineidenee of our experiment (lines parallel to Energy-axis). The good agreement between theory 
and experiment eonfirms that the refleetivity minima are due to the exeitation of surfaee plasmons 
on our magneto-plasmonie strueture. 

Photoemission electron microscopy on the magneto-plasmonie structure 

To provide direet evidenee for the exeitation of SPPs on magneto-plasmonie struetures we use 
Photoemission Eleetron Mieroseopy (PEEM). PEEM is a powerful teehnique for imaging the pho- 
toeleetron distribution of the sample on a nanometer loeal seale.^^^^More preeisely, the eleetro- 
statie lens system offers a spatial resolution of 25 to 30 nm, beyond the optieal diffraetion limit, 
and is well-suited to image the distribution of the eleetrie near-field within our nm-sealed anti-dot 
strueture. As light sourees for the mieroseope we use a mode-loeked Ti:Sapphire laser oseillator 
with a photon energy of fi(0 = 1.55 eV and its frequeney-doubled fundamental mode with a photon 
energy of ^(0 = 3.10 eV as well as a eommereial optieal parametrie oseillator that provides variable 
photon energies between 1.55 eV and 3.59 eV. It is worth noting here that the angle of ineidenee 
of the laser light impinging on the sample surfaee was 0 = 4° relative to the surfaee normal, that 
is equivalent to the one used for the polar Kerr rotation measurements. This will allow us later to 
direetly eompare the PEEM experiment with the MOKE signal of the sample. 

In Eig. 1^ we present PEEM images reeorded at different exeitation energies. The exeitation of 
SPPs due to the eoupling of the ineident light with the periodie lattiee will eause an enhaneement 
of the eleetrie near-field that ean be direetly measured with PEEM. The top two images of Eig. 
are taken at a photon energy of h(0 = 1.55 eV with the Ti:Sa oseillator and with hco = 4.9 eV from 
a mereury diseharge lamp. Sinee at these photon energies no SPP exeitation is expeeted, we take 
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these images as referenee, sinee they only reveal the topography of the sample. The next three rows 
of Fig. show images of the deteeted eleetron intensity for different polarization direetions, i.e. 
aligned along the F-K direetion (0° and 60°) and along the F-M direetion (30° and 90°). They are 
reeorded at photon energies of fiG) = 3.1 eV and 3.4 eV, i.e. elose to the onset of SPP resonanees 
and at a photon energy of ^(0 = 2.4 eV. 



Figure 3: PEEM images reeorded at different photon energies of the Ni based anti-dot film. The 
seale bar for all images is 3 /im. (Eirst row) Images of the patterned strueture by using the exeita- 
tion with linearly polarized laser light ofho) = 1.55 eV, as well as with a mereury diseharge lamp 
at h(0 = 4.9 eV. (Seeond row) Photoemission patterns exeited at h(0 = 3.1 eV. Spot-like emission 
is observed from the region in between the holes for ineident light aligned along the F-K direetion. 
Ineident light polarized along the F-M direetion eauses emission patterns that form lines perpen- 
dieular to the E-field veetor direetion. (Third row) Photoemission pattern exeited at tiG) = 3.4 eV 
are similar to the patterns observed for fi(0 = 3.1 eV. (Eourth row) Photoemission pattern exeited at 
fi(0 = 2.4 eV. Weak spot-like emission as well as mainly homogeneous emission is observed that 
does not follow the symmetry of the patterned while rotating the polarization. 

At ^(0 = 3.1 eV PEEM images show very speeifie emission patterns for different polarizations: 
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either spot-like or eontinuous lines. In partieular, when the ineident E-field is aligned along the 
direetion of the nearest neighbors, PEEM images (for E-K direetion) reveal dot-like emission from 
the sample surfaee. The spots are formed between the holes and they are also arranged in a hexag¬ 
onal pattern. This behavior is repeated for every 60° of rotation of the polarization state of light, 
thus every time the polarization is oriented along the E-K direetion of the hexagonal hole lattiee. 
When the E-field is rotated by 30° or 90°, E-M direetion, strong ehanges in the PEEM images are 
observed. Now bright eontinuous lines are formed perpendieular to the polarization direetion of 
light. Again the lines appear on the Ni and not in the holes. The pattern is also repeated for every 
60° of rotation of the polarization of the light, mirroring the symmetry of the strueture for the E-M 
direetion. At hco = 3.4 eV photon energy the PEEM images exhibit a similar behavior: hexagonal 
bright spot formation for ineident light polarized along the E-K direetion and eontinuous lines for 
ineident light polarization along the E-M direetion. 

The results for a photon energy of hco = 2.4 eV are obtained at the outer edge of a SPP resonanee. 
Spot-like emission is observed from different areas of the surfaee for 0° and 30° rotation of the 
polarization of the ineident light while a more homogeneous emission is seen for 60° and 90° 
of rotation. The small ehanges in the photoemission patterns are not as distinet as before and 
evenmore do not mirror the rotational symmetry of the lattiee of 60°. A distinet line formation in 
the photoemission pattern is not diseemible here for any angle of polarization. 

In order to understand the origin of the photoeleetrons and thus the near-held distribution of the 
exeiting light in the PEEM measurements, we eompare the measured photoemission pattern to 
near-held simulations. Those simulations are performed with a eommereial-grade simulator based 
on the hnite-differenee time-domain method (Eumerieal EDTD Solutions, www.lumerieal.oom). 
The design of the simulated strueture is the same as the magneto-plasmonio sample aooounting for 
the layered strueture inoluding substrate, seed layer, Ni him and Au oapping layer. As exeitation 
souroe for the simulations shown here we use a plane-wave souroe with hco = 3.1 eV photon en¬ 
ergy. The held distribution is reoorded within the 2 nm thiok Au oapping layer. Eigurej^oompares 
the experimental photoemission patterns for different polarization angles measured at a photon 
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energy of = 3.1 eV to a logarithmic plot of the electrical field magnitude obtained by the 
numerical calculations. In general, a very good agreement between simulation and experimental 
photoemission pattern is achieved. For a horizontally aligned electrical field vector pointing along 
the nearest neighbor direction a hexagonal lattice of dots is visible in the photoemission pattern, 
highlighted by the blue boxes as a guide to the eye. The simulated near-held intensity distribution 
yields locally conhned spot-like maxima exhibiting the same hexagonal symmetry as seen in the 
experiment inside the material located between neighboring holes connected by the direction of 
the E-held vector. A counter-clockwise rotation of the polarization axis by 30° yields a completely 
different photoemission pattern. Instead of hexagonal dots we observe a broader distributed stripe 
pattern. Once again, the simulation is in good agreement showing broad linear maxima of the elec¬ 
tric held between the holes. The stripes are aligned perpendicular to the electric held vector. When 
the polarization axis is rotated by a total of 60°, corresponding to the symmetry of the hexagonal 
anti-dot lattice of the sample, the photoemission image shows again a spot-like pattern. Comparing 
the spot-like pattern to the hrst image, one can clearly see a shift in position (see the blue boxes 
inserted into the images as a guide to the eye). This is in accordance with the simulated near-held 
distribution which shows the localized spots between neighboring holes along the direction of the 
E-held vector. The shift in position is directly reproduced. Due to the symmetry of the sample, 
a rotation of the polarization axis by a total of 90° shows a similar situation as a rotation by 30°. 
The photoemission pattern as well as the simulation show a stripe-like pattern, where the stripes 
are aligned perpendicular to the E-held vector. 

In conclusion, comparing the photoemission pattern to the simulations provides the understand¬ 
ing of the polarization-dependent near-held distribution at plasmonic resonances. Whenever the 
electrical held vector is aligned parallel to the nearest neighbors (E-K direction) the near-held dis¬ 
tribution shows a locally conhned spot-like pattern. In contrast, when the electrical held vector is 
aligned along the direction of the next-nearest neighbors (F-M direction), the near-held is more 
distributed, forming lines perpendicular to the E-held vector. In the simulations, the E-held was 
also recorded at several heights: 5 nm above the whole structure, exactly in the middle of the 2 nm 
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Figure 4: (Upper panel) Experimental photoemission patterns exeited at fiG) = 3.1 eV for differ¬ 
ent polarization states as indieated. (Lower panel) Simulated near-field distribution for different 
polarization states. A very good agreement between the PEEM measurements and the near-field 
simulations is observed. 

Au layer (thus, 1 nm below the sample surfaee) as shown in Eig.|^and in the middle of the 100 nm 
thick Ni film. There is almost no qualitative difference between the Au and Ni monitor, we see the 
same dot-like and stripe-like pattern there, depending on the light polarization. 

Correlation of photoemission electron microscopy and magneto-optic enhance¬ 
ment 

The dramatic changes in the near-field distribution recorded by PEEM can be correlated to the 
magneto-optic Kerr response of the structure. Eigure shows the polar Kerr rotation spectra for 
different polarization states of the incident light (left axis). Spectra are recorded for the anti-dot 
sample and simultaneously for a continuous reference film of the same thickness and composi¬ 
tion. The Polar Kerr experiment was performed at 0 = 4° angle of incidence equivalent to the 
PEEM experiments, with the plane of incidence at ^ = 0 and at magnetic saturation of the sam¬ 
ples. The magneto-optical Kerr effect appears when a p-polarized component (or s-) is present in 
the reflection from incident s-polarized light (or p-). The complex Kerr rotation <I> can be related 
to the corresponding Eresnel reflection coefficients (rpp, rss, rsp) and for example for incident 
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s-polarized light takes the form of:' 


= 0Ks + it?Ks = — (2) 

^ ss 

where t/k is the polar Kerr ellipticity and 0 k defines the polar Kerr rotation as the tilt angle of 
the polarization plane with respeet to the ineident light. The value of the Kerr rotation ean be 
influeneed by two faetorsr^^^^^ISlthe intrinsie magneto-optieally aetive eleetronie transitions (rps - 
polarization eonversion or pure magneto-optie eontribution) and the extrinsie refieetivity (r^s - pure 
optieal contribution). 
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Figure 5: (a) Polar Kerr rotation spectra of the Ni anti-dot (filled symbols) and a Ni continuous film 
(open symbols) used as a reference. Measurements are performed for 0°- and 90°-polarized light 
aligned along the F-K and F-M direction, respectively, for both samples at magnetic saturation 
at B = 1 T. (b) Enhancement of the electric near-held intensities normalized to the incident held 
value and calculated for 0°- and 90°-polarized light from the simulated patterns in Fig. The 
graphical inset shows the points on the surface of the hexagonal lattice where the intensity is 
calculated. nN denotes the nearest neighbor position where spot-like emission has been observed 
for 0° polarization (F-K) while nnN marks the next-nearest neighbor position where line-formation 
has been observed for 90° polarization (F-M). 


Figure]^ (a, open symbols) shows that the reference him exhibits two broad features around fi(0 = 
1.5 eV and around hco = 3 eV for both polarization states. This behavior has been associated 
in Ni with the d-p transitions of electrons at the top majority spin band and at the bottom of the 
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minority spin band.l^ These eharaeteristics are ehanged in the ease of the patterned film (a, filled 
symbols). As Fig.j^a) reveals, a large enhaneement of the polar Kerr rotation 0 k is observed with 
respeet to the eontinuous film for ineident light polarized along both, F-K and F-M, directions at 
photon energies above hco = 2.4 eV. Interestingly at hco = 2.4 eV, the values of the Kerr rotation 
coincide for both polarization directions and for the reference continuous sample. At this energy, 
the theoretical calculations predict no surface plasmon resonance and the PEEM images show 
no polarization-dependent features. Above this photon energy the values of the Kerr rotation are 
enhanced and remain higher compared to the continuous film up to a photon energy of hco = 3.5 eV. 
At even higher photon energies the Kerr rotation changes sign but still remains higher in absolute 
values than that of the continuous film for both polarizations. 

PEEM images recorded at hco = 3.1 eV and hco = 3.4 eV have revealed the distribution of the 
near-field either as stripe-lines or as bright spots depending on the polarization state. This spatial 
distribution of the electric near-field recorded by PEEM influences the magneto-optic enhance¬ 
ment. We have determined the intensity of the enhanced electric field patterns with the help of 
simulations in Eig. |^for the full spectral range. The corresponding curves are plotted in Eig. [^b) 
for a polarization orientation along F-K and F-M, each calculated in a position where an enhanced 
photoelectron yield has been observed for one of those orientations: between two neighboring 
holes (denoted as nN, see the inset graphic), where spot-like emission has been observed, and 
between next-nearest neighbors (denoted as nnN), where the stripe-formation has been observed. 
We see that the electric fields are strongly intensified for light polarized either along the F-K or 
F-M direction (the first possesses higher intensity) at a spectral region between 2.5 and 3.5 eV. 
Inside this spectral region we also observed the strong magneto-optic enhancement. This is a clear 
indication that the intensification of the electric field generated by the spatial distribution of the 
surface plasmons leads to an increase of the pure magneto-optic contribution. In particular rsp can 
be written as:^ 


Apl {EpE^)d\£j^Q 


(3) 
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where d is the thiekness of the film, £^0 its magneto-optieal eonstant and {E^E^) is the mean value 
of the produet of both eomponents of the field inside the MO layer. The enhaneement of both 


eomponents of the eleetrie field shown in Fig. 5(b) inereases the pure magneto-optie eontribution 
of the Kerr rotation. The enhaneement of the eleetrie field is also present for energies above 
fi(0 = 3.5 eV leading also to higher positive values of the Kerr rotation. 

Still, the good agreement between intensifieation of eleetrie field and large enhanement for both po¬ 
larizations of ineident light ean not fully explain all the observed speetral differenees between light 
polarized along the F-K and F-M direetion. Charaeteristie features between h(0 = 2.4 — 3.5 eV 
photon energies are observed: the use of light polarized along the F-M direetion exhibits slightly 
higher Kerr rotation up to fi(0 = 2.9 eV eompared to the F-K direetion. Around fi(0 = 3.1 eV the 
signal deereases and light polarized along the F-K direetion exhibits higher Kerr signal. Close 
to the plasmonie resonanee of h (0 = 3.4 eV the light polarized, again, along the F-M direetion 
exhibits bigger values than along the F-K direetion. These differenees are due to the variation of 
relieetivity as shown in Fig. As diseussed above, the Kerr rotation also depends on the pure 
optieal eontribution. Due to the slightly different angle of ineidenee the preeise eomparison of 
refleetivity and Kerr speetra is diffieult, however approximately still valid. As shown in Fig.[^ the 
relieetivity whieh enters as a denominator in the expression of the Kerr rotation in Eq. ?? displays 
a loeal maximum around 3.1 eV for light polarized along the F-M direetion while the exeitation 
along the F-K direetion reveals a lower value. The lower relieetivity for the exeitation along the 
F-K direetion results in higher Kerr rotation at this energy. To reveal this dependenee we have 
ealeulated the figure of merit defined as the produet of Kerr rotation 9k and the square root of 
relieetivity -^/R for both polarization states, extraeting the pure magneto-optieal eontribution. The 
resulting eurves shown in Fig. are falling on top of eaeh revealing indeed that the relieetivity is 
responsible for the differenees between both direetions. However, the overall enhaneement of the 
Kerr rotation remains and is direetly assoeiated to the magnitude of the eleetrie field as shown in 
Fig. (right axis). 
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Figure 6: (Left axis, black line) Enhancement of the electric field simulated for polarization along 
F-K direction, see Fig. 5(b)[ (Right axis, symbols) Magneto-optic figure of merit calculated for 
both polarization states. The reflectivity is responsible for the spectral differences between incident 
polarization along F-K and F-M direction. However, the Kerr enhancement is defined by the 
magnitude of the electric field. 


Conclusions 

By recording with PEEM the spatial distribution of electromagnetic fields generated by the sur¬ 
face plasmons and by simulating the field intensity at the location of the metal/air interface we 
were able to correlate the enhancement of the polar Kerr effect in a Ni based magneto-plasmonic 
structure. PEEM images have revealed that the use of light at specific photon energies leads to 
polarization-dependent distributions of the near-field in form of spots or lines. A hexagonal lattice 
of dots is visible in the photoemission pattern for incident light polarized along the F-K direction, 
while a broader distributed pattern of stripes aligned perpendicular to the incident electric field 
vector is observed for the polarization aligned along the F-M direction. These effects are observed 
only at photon energies where surface plasmons are excited. The distribution of the electric near¬ 
field results in a significant increase of the field intensity in this spectral region from 2.5 to 3.5 
eV. This leads to an enhancement of the Kerr rotation due to the increase of the magneto-optical 
conversion. The changes of reflectivity have also to be taken into account concerning the spec- 
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troscopic differences of the Kerr rotation between incident light polarized along F-K and F-M. 
Manipulating the Kerr enhancement around plasmonic resonances with light polarized along dif¬ 
ferent angles with respect to the lattice opens new routes for tailoring the functionality of patterned 
magneto-plasmonic structures. 
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